Background: Remaining physically active during and after cancer treatment is
significant decrease in physical activity has been associated to a higher level of fatigue during breast cancer treatment (10) . Increasing physical activity levels by 50% following colorectal cancer diagnosis has been shown to decrease both the risk of colorectal cancer-specific and all-cause mortality (11). Additionally, a higher level of physical fitness has been related to longer cancer-specific survival and lower cancer-related mortality (7) . It has been suggested that women with breast cancer who exercise at moderate intensity, 30 minutes or more per day on 5 days or more per week, have a lower risk of death (12) .
The area of exercise-oncology has attracted great interest over recent years with a number of high-quality clinical trials and systematic reviews conducted in this area.
In 2011, Granger and colleagues reported that it was safe to exercise people with non-small cell lung cancer (NSCLC) during and following cancer treatment (13) . In 2014, Crandall and colleagues (14) undertook a systematic review specifically investigating exercise interventions in people with NSCLC but in those requiring surgery which showed there was a lack of trials which influenced surgical outcome (14) . We aimed to explore all available literature focussing on exercise interventions in people with cancer undergoing adjuvant cancer treatment following surgery.
OBJECTIVES
The objective of this review is to evaluate methods, safety and feasibility, outcomes 3. What is the optimal timing of initiation of an exercise intervention, optimal structure and composition of an exercise training programme, optimal approaches to promote adherence and behaviour towards exercise, and whether such an intervention has a long-term effect on physical activity levels?
METHODS

Inclusion Criteria
Type of studies
We considered randomised and non-randomised controlled trials (RCT) investigating exercise training in people with cancer undergoing adjuvant cancer treatment following surgery.
Type of participants
We included studies that recruited human adults (>18 years) with cancer undergoing an exercise intervention,cancer surgery and adjuvant cancer treatment.
Type of exercise intervention
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The criterion for study inclusion were evaluation and reporting of the effect of an exercise intervention during adjuvant cancer treatment (defined as cancer surgery followed by adjuvant chemo-or chemoradio-therapy) on safety and feasibility or, a measure of physical fitness (including physical capacity and physical activity) or
HRQoL. Other clinical outcomes such as fatigue, post-operative morbidity and mortality, post-cancer treatment morbidity and mortality were also included. The intervention could take place in any setting and be delivered to a group or an individual participant. This also included interventions done alone or in combination:
1) aerobic training (defined as exercise that involves large muscle groups performing continuous or intermittent activity over an extended period of time) (15) ; 2)
prescribed resistance training (defined as exercise that involves performing sets of repeated movements against a resistance during which neuromuscular fatigue occurs within 6-12 repetitions (16)); 3) pelvic floor exercise.
Type of outcome measured
The outcomes of interest assessing the effects of an exercise intervention in the adjuvant setting after cancer surgery were:
1. Safety and feasibility and duplicate results were removed. We used the following databases to obtain relevant studies for this review;
• Embase
• Ovid Medline without Revisions
• SPORTDiscus
• Web of Science
• Cochrane Library database
• clinical trials.gov
Searching other resources
• We checked the reference lists of all articles obtained for additional studies.
• A manual title search of references from the previous review articles on exercise and cancer was also conducted.
• We attempted to communicate with the study authors to secure information not presented in the studies.
Data collection and analysis
We conducted a systematic search for all clinical trials that involved people with cancer undergoing any form of adjuvant cancer treatment following surgical intervention who exercise-trained in this setting. Data was extracted by one investigator in accordance with predefined criteria. We retrieved all studies in which the abstract made reference to an exercise intervention in people with cancer undergoing both surgery and adjuvant cancer treatment. Abstracts were screened and reviewed against predefined inclusion and exclusion criteria by two independent assessors (LL and MW), and scored using the Downs and Black quality assessment tool (17) . Abstracts that met the inclusion criteria were independently assessed by two reviewers (LL and MW) for descriptive characteristics such as;
• Participant characteristics
• Study design
• Type of cancer and cancer treatment (surgery and adjuvant cancer treatment)
• Type and length of exercise intervention
• An outcome measure
In addition, descriptive data were extracted about the each exercise interventions such as;
• Frequency M A N U S C R I P T
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• Intensity
• Time
• Type
• Supervision
• Location
• Adherence
Assessment of methodological quality
Two reviewers (LL and MW) independently scored the methodological quality of each study according to the Downs and Black quality appraisal checklist (17) . This checklist consists of 27 questions to evaluate internal validity and external validity of both randomised and non-randomised studies. Each question was scored out of 1, except question 5 that was scored out of 2 and question 27 that was scored out of 5, giving a total score of 33. High scores reflect high-quality studies. All discrepancies were resolved by discussion between all authors (see appendix 2)
Meta-analysis
A decision to conduct a meta-analysis was based on the following pre-defined criteria;
• To increase power; detecting a real effect as statistically significant if it exists.
However, many individual studies are too small to detect small effects, but when several are combined there is a higher chance of detecting an effect.
• To improve precision; the estimation of an intervention effect can be improved when it is based on more information.
• To answer questions not posed by the individual studies.
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• To settle controversies arising from apparently conflicting studies or to generate new hypotheses.
A decision not to conduct a meta-analysis was based on the following pre-defined criteria;
• If studies were clinically diverse
• If there were a mix of comparisons of different treatments with different comparators.
• Decisions concerning what should and should not be combined are inevitably subjective, and are not amenable to statistical solutions but require discussion and clinical judgement. In some cases consensus may be hard to reach.
• If bias is present in each (or some) of the individual studies.
RESULTS
Description of studies
The database search strategy that included exercise interventions in people with cancer undergoing both cancer surgery and adjuvant treatment is shown in appendix 
Description of study aims and outcome measures
Summary of study aims and outcome measures is illustrated in table 1.
Description of study characteristics and exercise intervention outcomes
Summary of study characteristics and exercise intervention outcomes is illustrated in table 2.
Physical Fitness Outcomes
A measure of physical fitness was used as a primary outcome in only 4 studies in people with breast cancer (3, (18) (19) (20) One study in people with breast cancer reported a slight worsening in Karnofsky performance status in both groups following chemotherapy (not significantly significant) (3). Furthermore, there was a significant decrease in physical functioning in women with high fatigue levels during breast cancer therapy (10) . Physical functioning was found to improve following initiation of a home-based rehabilitation exercise programme 66-hours post-hospital discharge by 6 weeks, assessed using
Medical Outcomes Short Form-36 (SF-36) was illustrated (31). Following the exercise intervention, three studies reported increased physical activity levels, although insignificant (21, 22, 25).
HRQoL Outcome
HRQoL, as the primary outcome, was measured by three included studies (20, 26, 27). HRQoL was used in almost all studies as a secondary outcome measure. 
Fatigue symptoms and other clinical outcomes
Fatigue was used as a primary outcome in five included studies (10, 21, 24, 31) (32).
Adamsen and colleagues (25) reported that 65% of study population had a fatigue level greater than that of general population (mean >20) at baseline and that 29%
reported severe fatigue (mean >60). Furthermore, they also report that 18% of the participants had a sedentary lifestyle at baseline and suggested that reported fatigue might be primarily due to cancer or the chemotherapy. Schmidt and colleagues ( The main strength of this review is that it provides an up-to-date comprehensive review of all studies using an exercise programme in people with cancer undergoingadjuvant cancer treatment following surgery. The review was conducted in a rigorous manner using selected search terms over several databases. Searches were updated over several time points.
Furthermore, two independent assessors screened candidate articles using predefined search terms which minimised bias. The quality of each study was evaluated by using a checklist intervention group performed the prescribed exercise regimen Abbreviations: Chemo -chemotherapy, HRQoL -health related quality of life, QoL -quality of life, 1-RM -repetition maximum, SF-36; The Short Form (36) Health Survery, VO 2 Peak -oxygen uptake at peak exercise, VO 2 max -oxygen uptake at max exercise, CPET -Cardiopulmonary exercise test, 12 MWD-12 minute walk distance test, 6MWD -6 minute walk distance test, CRF -cancer related fatigue Were those subjects who were prepared to participate representative of the entire population from which they were recruited?
1
Were the staff, places, and facilities where the patients were treated, representative of the treatment the majority of patients receive?
Internal validity bias
Was an attempt made to blind study subjects to the intervention they have received? 
Power
Did the study have sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is less than 5%? 
Excluded 6395
•Articles excluded due to; not including a form of cancer therapy, surgery and a form of exercise
Screened 96 articles
•Articles excluded due to; not including both cancer therapy and surgery, exercise interventions initiated in cancer survivors and in abstract format
•Full text articles (n=17)
